ABSTRACT Background: Children's energy intakes are influenced by the portions they are served. Factors influencing the amounts adults offer children are not well described. Objective: We assessed whether the amounts that were served to and consumed by children at meals were related to amounts that parents served themselves. Design: In this repeated-measures, cross-sectional observational study, 145 parents and their preschoolers (82 Hispanic, 57 African American, 6 unidentified) were recruited from Head Start settings in Houston, TX. The amounts served to and consumed by children and parents during 3 at-home evening meals were measured and analyzed. We assessed children's and parents' heights and weights, and body mass indexes (BMIs) were calculated. Associations between portions served for parents and children and between amounts served to and consumed by children were evaluated. Multiple linear regression was used to determine whether maternal characteristics (race-ethnicity, sociodemographic factors, and caregivers' BMIs) predicted the amounts caregivers served to children. Results: The amounts that parents served themselves were significantly associated with the amounts that they served to their children (r = 0.51, P , 0.0001). Multiple regression analysis showed that African American parents (compared with Hispanics) served more food to themselves and to their children (P , 0.01, R 2 = 6.9%) and that employed (compared with unemployed) parents served more food to their children (P = 0.025, R 2 = 3.3%). The amounts served to children were strongly associated with the amounts children consumed (r = 0.88, P , 0.0001). When parents served more to themselves, they also served more to their children (P , 0.001). Conclusions: These findings underscore the strong relation between portions offered by caregivers and the amounts children consume at a meal and suggest that factors unrelated to the child (such as the amount a parent serves himself or herself) are important predictors of children's consumption. Efforts aimed at improving parents' recognition of developmentally appropriate portions for young children could be useful for future obesity-prevention efforts.
INTRODUCTION
Children's development of eating behavior takes place within the various environments in which they consume meals and snacks (1) . Young children are not yet able to procure and prepare their own foods; thus, the responsibility for food choices and amounts offered falls mainly to caregivers. Because caregivers are gatekeepers for children's food access, understanding children's consumption in naturalistic settings where caregivers present foods and sometimes dictate the amounts served to young children is important, especially in populations at high risk of childhood obesity (2, 3) .
In tightly controlled laboratory studies, researchers showed that young children's consumption is responsive to the amounts served: the more children are offered, the more energy they consume at that eating occasion (4) (5) (6) (7) . This effect is associated with increases in bite size (8) . Other independent correlates of children's consumption at a meal include energy density, which positively correlates with energy intake (9) , and children's weight status (10, 11) . This suggests that caregivers can inadvertently contribute to their children's overconsumption of energy if children are presented with portions that are not age or size appropriate.
Whereas laboratory studies have demonstrated the potential for large portion sizes to increase young children's energy consumption, the need remains to examine children's response to portion size in the home and other settings where caregivers most often determine the amounts served. Most studies estimating young children's energy intake are not designed to investigate the effects of caregiver portion sizes on children's intake nor are the methods sufficiently sensitive to capture this relation (12) (13) (14) . In one study, Nicklas et al (15) observed intakes and reported significant modest associations between the amounts that mothers served themselves and their children (b = 0.26, P , 0.05) and the amounts consumed by mothers and preschoolers (b = 0.13, P , 0.05).
We designed a study to quantify food intake at meals in the home setting, in which we measured amounts offered to children by caregivers and the amounts caregivers served themselves at the same meal. We also investigated the association between caregivers' servings for themselves and for their children and the variability in amounts offered to children. We hypothesized that the amounts consumed by children would be predicted by the amounts children were served. We also hypothesized that the amounts parents served to children would be predicted by the amounts parents served themselves.
SUBJECTS AND METHODS

Subjects
Caregivers who self-identified as African American and Hispanic and their young children, who were enrolled in 33 Head Start centers in Houston, TX, during 2007 and 2008, were recruited through a posted flyer to participate in a larger project designed to investigate parent-child interactions during mealtime. The primary caregiver (referred to as "parent" hereafter) was defined as the person who was most often responsible for what the child ate outside of Head Start and was designated as the target parent in this study.
Procedures
Parents were recruited during dropoff and pickup at the Head Start centers and during Head Start parent meetings. At the time of recruitment, parents were asked whether they would like to participate in a study involving 3 home observations during their dinner meals. Informed consent was obtained from the parent at the first home observation, and confidentiality was assured. During the 3 home observations, food placed on the dinner plates by the parent was observed and measured by using a standardized digital photography method adapted at the beginning of the meal, and second helpings were noted and estimated. A detailed description of the procedure was provided in a previous study (16) . Briefly, staff members were trained to take the photos at 2 feet (w61 cm) above and 2 feet away from the center of the meal plate with a camera angle of w458 from the table on which the plate resided. Standard plates, bowls, and cups were also provided for each family to assist in standardizing portions in the photos. Following what they would usually do at a meal, parents served food onto plates for themselves and for their child as they would normally serve them. Parents were instructed that once plates were on the table, they would be given a signal that they could begin eating. The purpose of this instruction was to make sure that all photos could be appropriately collected before parents and children started to eat the meal. More details regarding the photography procedures were described previously (16) . Parents were not given any specific instructions about how to eat or whether to sit with their child but rather were told to proceed as they normally would at mealtime. Some parents elected not to eat or be present during the meal after serving their child. Plate waste was measured on a digital scale to the nearest 0.1 g by research staff at the end of the meal (in the kitchen and away from the family; Ohaus Model Pro Scout SP601 Scale). Parents received an incentive at the end of each of the 3 observations (total incentive = $125). The study was reviewed and approved by the Institutional Review Board at Baylor College of Medicine.
Dietary intake menus and recipes for parents and children
Detailed information on all menu items, recipes, and preparation methods was collected from the parent for each observation. In addition, descriptive comments such as brand names, commodities, and form of ingredients (eg, frozen, dehydrated, fresh, and canned) were collected as well as food labels for all prepackaged foods. All menus, including recipes provided by the parents, were entered into the Nutrient Data System for Research 2009 (NDSR) by registered dietitians and analyzed for nutrient and energy contents (17) . Training, quality control, data entry, and protocols complied with NDSR certification procedures (18) .
Estimations of served amounts
The digital photographs taken during the observations were analyzed by 2 trained registered dietitians who viewed the digital photographs and visually estimated the volume amount (g) of each food in the photos by methods adapted from Nicklas et al (16) . The total amount of food served (including additional portions when they were served; in g) was the variable of interest. To ensure the reliability of estimation, 10% of all estimated portion sizes were entered by both registered dietitians and estimated values were compared. The intraclass correlation coefficient was 0.996 (CI: 0.995, 0.997) for the 2 dietitians' estimations. Studies confirm the validity and reliability of the digital photography method for assessing dietary intake at meals (19, 20) .
Amounts consumed
At the end of each meal, each of the parents' and children's foods was weighed to the nearest 0.1 g. Nonedible refuse (bones, corn cobs, etc) was also weighed and recorded. The actual amount of a particular food consumed by the participant was determined by subtracting the amount of the plate waste (g) minus the nonedible refuse (in g) from the estimated served amount (g). The nutrient contents of the total amounts consumed were analyzed from recipes entered into NDSR.
Anthropometric measurements
Trained staff measured parents' and children's height to the nearest 0.1 cm and weight to the nearest 0.1 kg, as described by Lohman et al (21) . In brief, participants were asked to remove their shoes and to dress in light clothing. Measurements were obtained twice and averaged. If there was a difference of .0.5 cm for height or a difference of .0.3 kg for weight, a third measurement was taken and the 3 measures were averaged. BMI was computed (weight/height 2 , kg/m 2 ) and obesity for parents was defined as a BMI $30.0. Overweight was defined as a BMI $25.0 and ,30 for parents (22) . For children, age-and sex-specific BMI z scores were calculated from the height and weight scores by using the revised 2000 growth charts from the Centers for Disease Control and Prevention (23) .
Demographic characteristics
Parents completed a survey that included questions about demographic characteristics. The survey asked for information related to employment status, education, race-ethnicity, and marital status.
Statistics
For the continuous variables (amount served to the child, amount served to the parent, and amount consumed by the child), we tested the normality of the variables themselves and the residuals of the linear models using the D'Agostino test implement in the R package fBasics. All 3 variables were significantly nonnormal (P , 0.05; 24). Therefore, Wilcoxon's rank-sum test was used to compare between groups, and a Spearman correlation was conducted to test for relations between these variables for initial bivariate analyses. Data were assumed to be missing at random, and missing data for parent-child pairs were handled by pairwise deletion. Subsequently, when general linear models were used, to achieve normality, we transformed these variables using square root transformation, after which the residuals did not depart significantly from normality; therefore, the transformed data were used. The 3 observations from each person were averaged to examine 1) the relation between the total amounts caregivers served to the child and the total amounts the caregivers served themselves, 2) the relation between the total amounts caregivers served to the child and the total amounts the child consumed, and 3) the relation between a child's consumed amount and the child's BMI z score. A multiple linear model was used to determine whether maternal characteristics (race-ethnicity, marital status, educational level, employment status, and caregiver's BMI) predicted the amounts caregivers served to children. A second multiple linear model was used to determine whether maternal characteristics related to how much a child consumed over and above the amount the child was served. With a sample size of 145, we could detect an association that accounted for roughly 5% of the variance at the 2-tailed 0.05 a level with 80% power. For linear regression analyses, missing data were handled by list-wise deletion.
Because a major goal was to understand how day-to-day within-person variations in parental self-served portions were related to within-person variations in parent-served child portions, we used a mixed model that allowed inclusion of each person/family's data from each day to be used simultaneously while appropriately accounting for the dependency of observations within families. Specifically, we used a random slope model:
where Y ij and X ij represent the amount served to the child and parent, respectively, for the ith (i = 1, 2, 3) meal in the jth family; b 0 is the overall intercept; b 1 is the overall (average) slope; u 1j represents the deviation of the slope for family j from the overall slope; u 0j is the deviation of the intercept from the overall intercept for family j; and e 0ij is the residual. b 0 and b 1 are fixed effects, whereas u 1j , u 0j , and e 0ij are random effects. We tested b 1 against 0 for the overall relation. We also tested whether the variance of u 1j (slope differences among families) was significantly greater than zero using a likelihood ratio test. A corresponding model was also used to examine the relation between the amount served to children and the amount consumed. Statistical analyses (except the normality tests) were performed by using SAS software version 9.3 (SAS Institute), and the significance level was set at P , 0.05 (2-tailed). Graphs were drawn by using GraphPad Prism, version 5.0.
RESULTS
Of the w2500 eligible families from 33 Head Start centers in 3 districts, 275 parents returned a flyer and indicated an interest to participate. After being informed of the study procedures, a total of 145 caregivers consented for themselves and their children to participate in the study and at least one meal was observed for each of these 145 families. Demographic characteristics of the sample are provided in Table 1 . Families consisted of Hispanic (57%) and African American (39%) parents, most of whom were overweight or obese (78%). About half of parents were employed and of limited education, and all parents had limited incomes that were consistent with Head Start eligibility for their children. Children were w4.5 y of age (53.2 6 8.3 mo), and about one-third (37.0%) of children were overweight (above the 85th percentile range for age-and sex-adjusted BMI). Most (94%) families completed 3 observations of their mealtimes.
The amount of energy served and energy intakes at the observed meals were estimated for parents and children and are reported in Table 2 . Of the 145 parent-child dyads, 102 parents consumed food with their children (43 parents did not eat at the same time as their children). Parents who did not eat with their children did not differ in sociodemographic factors. African American parents served themselves significantly more (P = 0.018) and consumed significantly more (P = 0.023) than did Hispanic parents. No significant differences were observed, according to the child's sex, in the amounts served to children or consumed by children. However, African American children were served significantly more (20%; P , 0.001) and consumed more energy (13%; P , 0.001) than did Hispanic children. Also, employed parents served their children significantly more (19% increase in grams served; P = 0.004; Table 2 ) than did unemployed parents, and their children consumed significantly more than did children whose parents were not employed (19% increase in grams consumed; P = 0.014; Table 2 ).
Relationships across families
Children's intake is correlated with the amounts served to them
We examined the relation of children's consumption and the amount being served using a Spearman correlation after averaging across the 3 meals for each person. The correlation coefficient was 0.88 (P , 0.001), which indicated that children who were served more tended to eat more. In addition, we used a linear model to examine the parent's race-ethnicity, marital status, education, and employment together with the amount served to children for an association with children's intake. Only the amount served to the children was significant (P , 0.0001) and accounted for 73% of the variance in children's energy consumption.
The amount served to children correlated with the amount the parents served to themselves
We examined the correlation between the amount that the parents served themselves and the amount that they served to their children in the same way as above and found a significant correlation (r = 0.51, P , 0.0001). We further examined the amount served to children in relation to parental demographic information (ie, race-ethnicity, marriage status, education, and employment) using a linear regression model. Results showed that parental race-ethnicity was significantly associated with how much the children were served (P , 0.01, R 2 = 6.9%; Table  3 ). Parental employment status was not significantly associated with how much the children were served (P = 0.075, R 2 = 2.5%).
However, in a reduced linear model with only parental raceethnicity and employment status as predictors, parental employment status showed a significant effect on how much the children were served (P = 0.025, R 2 = 3.3%). The results of the reduced model were consistent with the results in Table 3 .
Children's intake and body weight status
Neither the amount served to children nor the variability in the amount served to children related to children's BMI z score (P = 0.60). Children's energy intake at the meal was not significantly associated with their BMI z score.
Relationships within families in the variability in amounts served to children and parents
The high correlation across families between what parents served themselves and what they served their children could simply reflect that stable family characteristics are related to both parental portions served and parentally served child portions (perhaps as a function of factors such as among-family differences in body size). However, such correlations do not necessarily imply that within families, on occasions when a parent serves themselves more food than he or she typically does, he or she will also serve the child more food than is typical. To more fully understand the relation between what parents served themselves and what they served their children, we estimated the within-family variability in the amounts served to the children and to the parents across meals and correlated these 2 estimates. To examine this relation, we first calculated the 3 correlations between the amount served to children and the amount served to parents from the 3 pairwise differences of the 3 meals (meal 1 compared with meal 2, meal 1 compared with meal 3, and meal 2 compared with meal 3). Significant correlations were obtained, (0.79, 0.42, and 0.66; all P , 0.001; Figure 1 ). To better account for the correlation among the 3 meals from each individual, we fitted a random slope model between the amount parents served themselves and the amount they served their children. The overall regression slope between these 2 variables was significantly greater than zero (slope = 0.579, P , 0.0001), although the heterogeneity of slopes among families was significantly greater than zero (P , 0.0001). This indicates that, on average, even within families, on occasions when a parent serves themselves more food than he or she typically does, he or she also serves the child more food than is typical. Similar results were obtained from an examination of the relation between the amount served to a child and the amount consumed by that child. The pairwise difference of the 3 meals (meal 1 compared with meal 2, meal 1 compared with meal 3, and meal 2 compared with meal 3) showed a high correlation between these 2 quantities (0.89, 0.87, and 0.92; P , 0.001 for all). A random slope model estimated the overall slope as 0.83, which was highly significant (P , 0.001).
DISCUSSION
Although some evidence suggests that children have the capacity to self-regulate energy intake at a meal, this ability is heavily influenced by factors such as portions offered, which occur within children's everyday eating environment (25, 26). The findings of this study indicate that portions offered to children by parents vary greatly and have a significant potential to influence children's intake and thereby potentially affect long-term energy balance. Many studies have been consistent in their reporting that increasing portion size results in increased energy intake, both within meals (4, 5, 9, 27) and across the day (13, 28) . Most of these studies have taken place in the laboratory setting, in which researchers have manipulated portion size, or have been based on maternal reports via dietary recalls of children's intakes. One observational study that took place in the home setting reported that amounts served to children predicted their intakes (b = 0.45, P , 0.0001; 15). Data from the study reported herein are derived from repeated observations in the home environment and included measured amounts that parents served to children and to themselves. The results of our study underscore the importance of previous findings and show that a major driver of how much children consume at a meal at home is how much they are served by caregivers.
The amounts offered to children at meals related significantly to the amounts that parents served themselves, which suggests that adults may not consciously focus on offering children "childsized" portions, may have different conceptions of what constitutes being "child-sized" (ie, slightly less than they serve themselves), or may have other motivations when serving children's plates. In efforts to be efficient, parents may place larger portions on children's plates to reduce time and effort spent on child feeding and mealtimes. Alternatively, parents may be invested in getting their children to eat more and may decide to actively provide more in attempts to have their children be "good eaters."
The amounts that parents served, both to themselves and to their children, varied considerably from meal to meal; however, this meal-to-meal variability between parents and children was highly correlated. This suggests that the amounts that get served to children relate most closely to the amounts that parents serve themselves, irrespective of what the portion size is at a given meal. The impetus for this similarity is not known but could relate to the parent's hunger state, the parent's liking for the food that is being presented, the amount of food that is available that day (the amount prepared for the meal or the amount available in the household), or the amount parents desire for the child to 1 The total number of parent-child dyads was 145; the number of parents who ate with their children was 102. All comparisons were conducted on medians and performed with Wilcoxon's signed-rank test; the significance level was set at P , 0.05.
2 All values are medians; IQRs in parentheses. 3 All values are means 6 SDs. [4] [5] [6] [7] Significantly different from African American: 4 P = 0.018, 5 P = 0.023, 6 P , 0.001, 7 P = 0.001. 8, 9 Significantly different from unemployed: 8 P = 0.004, 9 P = 0.014.
TABLE 3
Predictions of the amount of energy served to children at a dinner meal (n = 120) consume or could be an unconscious behavior on the part of parents. What is clear is that serving children larger portions is effective at promoting consumption, at least for some children. Substantial amounts were offered to children, and very large quantities were consumed by some children and adults, for example: 1) amounts served to children ranged from 94.6 to 2564.5 kcal; 2) amounts consumed by children ranged from 0 to 2324.5 kcal; 3) amounts parents served themselves ranged from 14.8 to 2250.0 kcal; and 4) amounts parents consumed ranged from 0 to 2250.0 kcal. In fact, the median amount served to children was actually more than parents consumed, on average. The mechanism by which increased portions affect consumption has not been fully elucidated. It has been hypothesized that visual cues of amounts served and the amounts left on the plate at meal termination supply information to individuals about how much to eat. However, in a portion-size study that used a blindfolding paradigm to mask visual cues, support for this hypothesis was not found (29) . Rather, with increasing portion size, bite size (but not number of bites) increased and resulted in increased ingestion (8, 29) . For children, it also may be that the amount of food served acts as an implicit cue regarding how much a child is expected to consume-"if my parent put it there, he/she must expect me to eat it." Consistent and repeated experiences with large portions may result in internalization of this expectancy (whether real or inferred) and lead to increased ingestion.
Our findings also showed cultural differences in the amounts served to children. African American parents in this sample served more than did Hispanic parents, and African American children consumed more energy at the meal. In addition to differences according to race-ethnicity, we noted variation according to parent employment status: employed parents served more to their children at the dinner meal than did unemployed parents. Again, the underlying reasons for this difference are unclear, but plausible interpretations are that unemployed parents may have more opportunities to eat with their child, may have less money to spend on food, may have a better idea of how much their child has eaten previously during the day, or could perceive that children do not need as much food as the parent who does not eat with their child as often. Alternatively, eating and mealtime may be a different experience or have different significance for the parent who only is with their child at dinner time. In a qualitative report from mothers whose children attended child care, mothers reported feeling as though they had "missed part of their child's day" when they did not share more mealtimes with their children (30) . Employed parents may serve more food to their children to fill a perceived gap or loss of experience.
Most notably, the amount of food that a child was served was highly predictive of the amount that they consumed and explained most of the variance in children's energy intake. Moreover, the variability in what individual children were served also predicted how much children consumed; on days when they were served larger amounts, they consumed more energy and on days when servings were smaller, they consumed less energy. Orrell-Valente et al (31) reported that the primary objective of parents of young children was "to get children to eat more during meals." Our findings suggest that one effective mechanism parents may use to encourage children to eat more is to serve more food. In effect, parents may promote an FIGURE 1. Spearman correlations between cross-meal differences of the amount that the parents served themselves and the amount served to the children by the parent from the 3 pairwise differences of the meals. A: Meal 2 compared with meal 1 (n = 67). B: Meal 3 compared with meal 2 (n = 64). C: Meal 1 compared with meal 3 (n = 62). Sample sizes differ across comparisons because the parents, although they were present and served their children, may have elected not to eat at any of the 3 meals with their children. expectation for children's consumption by the amount that they serve their children. This parental strategy aligns with expectancy-value theory, which suggests that the home environment is a core influence on children's behavior and that parents influence a child's adoption of values and behaviors by providing models of expectations for appropriate or desirable behavior (32) . Thus, by consistently serving large portions, parents may be imparting an expectation or norm that their children will learn to consume them.
No relation was noted between the amount of food served or consumed and the child's weight status (BMI z score). This could be explained by the fact that only one meal was captured and that other factors such as energy expenditure were not measured. Therefore, the overall energy-balance state of the children is unknown. Other studies that have reported a relation between portion size and child weight outcome have collected data that span a 24-h period (13, 28) . Whether parents served larger portions at all meals or only at the dinner time meal is unknown and open for future investigation. It also would be of value to determine whether the child who is consistently served large portions is more at risk of excess weight gain. This study did not examine whether relations between parents' and children's portion sizes were consistent across all food groups or whether it was driven by more energy-dense foods. Nicklas et al (15) , reported considerable differences in the magnitude of the correlation between the amounts served to mothers and the amounts served to children when considered by food group (r = 0.34-0.76). Such an investigation could supply additional information about parental strategies and expectations for children's consumption.
One limitation of this study was that only dinner meals were observed; the amounts that are served to children as well as expectations for their consumption may be meal specific. In addition, a repeated-measures design was used, but these data are cross-sectional in nature; therefore, no interpretation regarding the causal effects of the amounts served to children on the amounts children consumed could be made. The observations were collected in the home environment-which can be argued to be a more ecologically valid environment to study family effects on children's eating. However, it should be acknowledged that the researcher's presence during observations could have biased some of the participants' behaviors, resulting in families serving and consuming different amounts (either more or less). It is possible that food insecurity could have affected the amounts served to adults and children; this demographic aspect was not measured in our study. Last, only families from Head Start centers were recruited for participation in this study, and they represent a limited sampling of families with respect to sociodemographic factors.
In conclusion, this study showed that-in home environments-children are exposed to a considerable range of portion sizes at a dinner meal and that the amounts served to children are related to the amounts parents served themselves. These findings support laboratory-based studies that have provided evidence that larger portion sizes correspond to higher energy intakes (6, 27) . The processes parents use to determine how much food a child should be offered have not been reported in the literature to date, and barriers to promote smaller portion sizes have not been examined. Such information would not only establish parent motivations (or lack thereof) for their strategies and decisions, but would also serve to inform the development of interventions to prevent children's excess energy intake and weight gain. If parents were informed of and valued learning about developmentally appropriate portions, this might positively influence parents to consider eating and mealtime as a reciprocal relationship in which parents model healthful behaviors and children learn to adopt them. Ultimately, such an intervention could positively influence children's growth outcomes.
